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ABSTRACT

Flame treating in combination with wire brushing was
tested on pine, fir, cak, and teak. The eas+ i decontzm-
ination was a function of the depth of penetration. Of b=
woods tested pine was the most diificult to decontaminate.
Flame treating and wire brushking removed approximateiy

0.050 in, per pass from pine and 0.025 per pasxs from oak,
teak,and fii.
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SUMMARY

The Problem

The purposc of these tests was to determiine how many
burning and brushing cycles were necessary to decontam-
inate four woods (white pine, oak, teak, and fir) contam-
inated with an ionic radioactive contaminant, It was also
desired to determine the relative decontarmination effect-
iveness of with-grain and cross-grain wire brushing,

Findings

Pine, the softest wood tested,absorbed more ionic con-
taminant than the harder or more dense woods and the
contaminant penetrated to a greater depth. Ease of de-
contaminating Lare wood was a function of the depth of pene-
tration of the contaminant. Of the woods tested, pine was
the most difficuli to decontaminate.

Flame treating and wire brushing removed approximately
0.050 in, per pass from pine and 0.025 in,per pass from oak,
teak,and fir under the conditions of the test. The effective-
ness of wire brushing with.grain vs cross-grair varied with
the type of wood.
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ADMINISTRATIVE INFCRMATION

This work was carried out during the pericd January to
November 1951 under the Sponsorship of Burezu cf Ships,
Project No. NS 085-001 Subtask 1.4, Technical Qbjective
AW -5¢ as described in DD Forrn 613, date.. 1 May 1952,
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1. Introduction

Turing the development work on the Plaminator® it was fousd thet
flame treating elome removed very little contaminstion from a surface
btut that wire brusiing after the buwrning rexsoved a very large percent-
age of the contamination., It was also observed that pre-drying wood
samples increased their contuminability apd that a dip methed of
conteminsting wes the most satisfactory way for rupid and reproducible
contawination of wood samples in the laboratory.

The purpose of the preisént tests wag to continua, in more detail,
the development of surface romovel methods’ for wocd, ’I‘he rain
cbiective was to determine how many burning and Yrushing cycles vere
nesessary to decontémim‘ce four woods (vhite piz.zer, oek, tesk, and fir)
co2tuazineted with ar ionic radicactive coatamtinant. 1Tn addition, &
corvelation of this informeiion with the smowunt of surface resoved
{reducticn in thickness of saaple) and the accampanying weight loss

was scught. I waw alen deeired to determine the Pelative dscontamin.-

tlon effectiveness of with-grain aund crosa-gain vise brushing.

2, Experimenisl Details

This experimental work was cairied out during the periodl March
through December 1952,
£.1 Semple Preperation

In the serias of tests 24 semples wers ured, 6 each mad= of

pine, cak, teak and fir. The cumpies wers mede of clear s2iect

wood, amd £in.shed nmooth to & e6ize of 1-5/8 in. by 3-9/8 in, by
12 in. Half of tne mramples were cut Wit tne grafn runaing the

length of tue sampls (with-grain) :@d half were cut or asssmbied

* Heiskell, R.H,, ani Porry, 2.0, Devalspnent of the Flwiinator.
eSe Naval Radioloricul l'efonrn Lsvorator; Teshnical Pe .or:
USHKDL~T1-151 5 e 1057
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from glusd sections with the zrein running the width of ths sample
(ersssegrain). Juwst pricr to comtaminatior, each saumple was oven~
dried for & hr at 150°F.

2.2 Sample Countaminatiom

-

Bach semple wvas contamivatsd by the dip method., After their
removel from the drving oven, the wood u;npl« wore pluced face
down in e tray of contamimmted ses water for 30 n«i. The contemi~
mated cos wvuter vas about 1/6 ir. deep. ‘nn snph? were ugitnu;l
slightly io the trey to obtain good distridbuticn of tha contaminant.
After a 30-sec sosk period, esch sexple was remcved from the trey;
turned face wp, and mliowed to drain at » .mm angle (adout 20°)
for 30 sec. It wos Jhen placed in the sproy booth drim_- for iS5
t0 30 min or until there vas no visi*ls sign of moisture om the
swince. Drying vas aécqpllinhod vith t!:o sexpica horrism:l, the
contaminrted surface up,

The contaminant coiu'aian T orpered from an acnemw golution
of Y91, a streng bets amitter, mixed ‘a 250 mi of typirsl. San
Fruncieco ray nze water, g0 that ths resulting activity level
vas 3 to b »C/ml. The contsminant solution was TO°F when epplied

to ths wood suaplra.

2.3 Sanple Counting

Aftsr contemimation, 2nd tefore amdi sfter every daemwimtirg
pwés, the senples wove monitored with cn NRDL rete mster-scaler baving

& 12 “n. Yy 12 in. proportioxml gas flow prodbe. A 2-iu. spacer was

[h]



B R SR

UNCLASSIFIED

rlaced wder the probs so that & surface-co-window distance of 1/2 in.
wvag maintainad, Emehx of ths samples, the standard, snd beckground

vere counted throe timee, Since radiosutogrephs disclosed that con-
temination wes deposited on the sides of the blocke and that its
sctivity contributed greatly tu the counting rate of the decontaminated
sample, & 12 in, by 12 in,,12-grge stecl mask with a 3 in, by 11.1/4
in. opening waas piaced over eack block after the last decontamination,

and &2 recount mede.

2.b Radiocautozraphy

After contamination and also after every decontaminating pass,
sach sarple vas radiosuiogrephed. Esch group of three sasples (such
as the vith-grain pine samplas) werv placed face down sn ¢ sheat of
14 in, by L7 in. Y-ray film.* The exposure wvas calculated from the
wctivity level of the raxples and the time varied frca 1 hr for
freshly contaminated sarplas to 72 hr for decontaminated semples.
Ins rediceutographs were consulted fruquently to determire the

prograss of dscontsnination and the contamination distridbution.

2.5 Sizface Romovnl Msssurements

2elore ond aftar each decontamiuztion, the sezple thickneas was
measured vith the ucme apparatus used in Fluelnator tests.” This
apparatl 1z consisted of a surfzce plante, and & surfe:s gage to which
vas atisched & dinl indicator., Fach smplé wig moved acrozs the

surface plate with the dial indicator point resting on the ccntest-

¥ Fuive Brend supplied by Esstman Kodak Co., Rochester, N.Y.

» %
See footnote on Page 1,
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nated surface of the sample., An average of the high and low readings
(biile sad volleys) vas used ue the thickness of the sezple, Both

with-grain an! cross-grain readings vers taken.

2.6 Weight Mea: Tesents

Tafore and after each cperatiocn, each sample was weighed on e
1aboretory balance to the nearest tenth of a gram. It was hoped
that a correlation of surfacs removal to wsight raduction might be

determined as well as moisture loss or gain effects. -

2.7 Decontamination Frocesses

After each sample had been contaminated, counted, radiceuto-
gephed, recounted, weighed, and measured for thickneas, each sample sur-
fa2s was bwmed and than ves brushed wilh the iaboratory scale Flaminator

(Pig. 1). PFor these tests the burning and brushirz operations ware

¥ig. 1 Arrangsmsnt for durning end biushi g the wocd s.mples.

4
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done separately. The samples were placed in a gpecisl jig in s flom
well, so that the suriface of the ssmple was flush with the surrounding
tloor. The Flau’‘nator was then toved ovsr the sample at the rete of
9 ft/min. The gus retes vere 0.3 cfm propane, 1.05 of oxygsn. A
3 to 3.5 burn resulted on the ssmple surface. These numbers refer
te the arbitrsiy system devised in the Flamimator tests® to indicate
+he degree of wood charring by & 4<in. oxy-propane descaling nozsle. |
The charring wvas deuéﬂbed as follows:
Velus 1: S1ight oharring directly under the flame cones.
Value 2: Heavy charring direotly undsr the flame coma..

Value 3: Burning apre-.] beyond :re flens paths to give a uniform
heavy char over entire . i face,

~Value 43 Extra heavy char over entire surfacve and combustion
sustained a few seconds after removal of flame.

After burning, the ssmples were wire ‘rushed with the Flaminator
until all of the charred wood was ramoved. Soms of the cross-grain
samples became warped so that many of the low apota were missed
during the first pass. For them,one 4o three additiomal brushing
passes were required to remove all of the charred material depending
on the degree of warpage or roughness. The wire brush was & soiid
£111 type, 4 in, in diameter with a wire sixe of 0.014 in., and
was operated at approximetely 1500 rpm.

The dscoctaminstion cycle was repasted twice for the oak, teak,

and fir samples. and three timee Zor the pine.

* See footnote on Paze 1
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3. Repults and Discussicn

3.1 Counting Dute
The cousnting 4ate presented in Table 1 are listad without further

correction than subtracting background. It vas felt that this practice
wvas Jjustified, since 4ihe seme countaminant was used an esch saEple, and
that cnly relative mmbers {decontaminetich factors) »wm desired.
Average dncontaminktion factors, veight lces, snd smount of surface
removed are presanted in Table 2. It is evident that the counting
rats for the after oontamimated™ oondition is quite uniform for a
given type of wocd end sasple crientation. The most highly contawi-
mted ssxples were the pine, with the cross-grain smmples picking

wp 1235 per cent more than the vith-grain sssples. This was probadly
sausel bty the end zrein abeorption at the edges of the croce-grain
saxples. The edpges of the remmining sampls: were conted with paraffin,
80 there vas no significant diffeorence between the coataminablility of
with-grain and oross-grain samples.

Wide varistions in the per cent of the contamimtion remaining
after sacsh pass wers aolad. Thess variations can be axplained by
Teoferring to the rudicsutographs, the surface removal and weight
loss data.

The uss of the stael mmek to reduce or eliminsmte the edge 2ifect
contamimation produced much better counting resulis. In several ceses
(622 - 35 Tw and 622 « 36 Tx) the per cent remsining dropped from 13.3
to 0,369 and 4.0k to 0,121 (s S0~fold redustion). In cther cases, iae
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Teble 1. Cowmtiag Dsbe

[ Q, x E‘ 1
After m@%&ﬁ‘wmn Kar 1 Proontenination
gamioe(®)  oopwmimtion  coms ool Do D3 Couzt D2

Gn-a1 re »3.1 108.0 3.66 .33 3 W30 8.8
- STh A :z.oo H 20.25 1.5 13.0h @4
23 92,9 .19 8. 25.95 14.6 13.06 o=z
Av. v 6. 12.9 AR
28 »68.0 W37 3.26 oh.18 b9t 26,80 ..
a’ b’?..? 1‘0.5 3-26 59-& 1’-& "036 :.0.7
26 AT6.M 126.9 3.76 22.99 20.7 A5, T3 8.5
Av, Px 1.4 .1 20.9
7 Ov - W .7 15.3 T.4507 30.0
) 8.7 .o 6.62 2.0% 1.0
29 £209.0 25.87 8.06 9.37 2.3
Av, Ow 10.0 1.2
30 (x £10.h 13.% 15.2 hTST .1 .
n 92,3 8,180 «0 h.003 3.0
3= T8y 25.32 1.87 16,0k 25.0
Av. Ox 16.4 19.0
3N 210.8 18.2 u.h 1187 18.h
3k =wo.7 31.90 6.90 20.28 10.9
3 220.% 29.77 1.0 27.13% 8.13
Av, v 8.57 12.%
%N 26.0 16,16 14.0 2126 5.8
37 03,2 18.88 12.9 +921 8.5
38 2hs.5 8.6410 28.5 2.9 85.0
Ar. TX 18.% 83,1
39 Pv 2063 m.hs 6.95 26.61 9.26
1] 2% .k 39.2h 6.00 25,19 9.26
by 230.0 a1,k ".86 28,13 £.20
Av. W 6.5T 8.90
SGar-k2 ™ as.7 35.00 6.55 4.9 9.17
:l m2.9 12,56 17.8 s.\28 k1.0
n2.6 13.27 17.% 8.8 9.5
bre ™ 11.9 30.0

-~
[
N

Backeraund har hen subtriatad from all counting data.

(b) létiei w or x =fter the Laitisl designating the woods ldentified respectively Lho with-grein
and arosi~grain swaples,

{4) D.Fs & doconianimstion faotor x reciprocal of per econt contamination remaining.
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reduction was only 2-fold; the radicewtograph for Ssaple 622-33
Tv showed that a large crack on the face of the gample siill
contained a sufficient emowmt of contamination to maintain the
counting reate even though the remsinder of the ssaple facu wes
completely decontaminated. The averuge per cent contuminaticn
remining after the l=st pass was 6.0, and after recowmnting with
the edge mask, it dropped to 1,765 per cent (a 3.4-fold reducticm)..
Table 3 lists a column of "edge correction factors” which were
obtained by dividing the cou * without the edge mask in place

by the count with it im place. ~ ~se correction factors reange
from 0.030 to 0.947. The vrlues for contaminntion remaining were
multipiied by Une corresponding edge correction factors tc obtain

the final per can', contamination remaining.

3.2 Radiceutography

The mcst helpfui sipplementary informetion collected in this
series of experiments wvas the radiosutographs meds after the
smsplss vers contaminated and aftsr sach dscontaminatica pass.
Representative sections of thase radiocautographs are shown in
Pigs. 2 through 5. After the firet pass, ths adge contamineticn
becese very spparent, and after the last decontamination, meny
of the saupies ehowed that all the remaining contemination wes
arcumd ths sdgss. I the radicautographs bhad not “esn made, thie
adge effect could have been overlooked. Likevise, the radioauto-
graphs explained the reason for a relative high cownting rete of
individual semples in any one group; thus Pig. 2 showa t.hat the

9
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Tebla 3 Decontamimntion Factors Correctsd for TAgs Rifacts
Alter . P
Deccontmminstic Countal®) (¢fm x 10%) forvectad D. ¥. M7 for
Withogh WLk Corractic $r¢ Deconteminesion 4w
ﬂm;)ln(b) Maski®)  pmer{8) hc&of%g? Tabls 31
ta2-21 Pv 10,5 285 .4 1.79 15,3
22 ) 1,11 3.92 122.0
23 111,3 17.31 6,42 182,06
Av, Pw 193.0
2k px 263.7 232.5 1.13 19.6
25 262, 200.1 1.3% 521,(
26 15608 11‘805 lo% JQil
Av. Px ' 23.9
27T Ow 75.78 T.75 6.25 , 189.¢
28 196-1 %c‘b& 2008 23"5
29 85.2 36,70 2,32 51.8
Av, Ow 8.1
30 Ox 51,14 31.60 1,62 71,5
31 38,59 2,40 1.72 9}!.’:'
32 :’L::l.lna ?7 o3 1095 3" '::\
Av. O 67.4
33 Tar 7.7 Sogd 1.0 33.h
34 212.8 18.50 1.5 157.C
35  20.5 7.23 3.k 2710,0
Av, Tx 130
M\‘— ﬁ 756% 2.29 33'h 843'}";0
7 89 k8 35.51 e 1£5,0
36 29.28 3.65 T 667.0
Av. Tx sh2,0
3G Pv 248.6 17.7h i1 20,6
hO 23507 23 -1.3 1072 9“&..1&
i 262,6 22.23 11,8 96.2
Av. P 107,0
b2 Px 220.9 1.05 15.6 1K.G
b3 52.18 10.95 5.19 213.0
b 56.7¢ 20.23 5.1 135.0
Av. ™x 158,0

gy
Lol 4
R

iy gy p o,
(o Jr 3= K]
o s

Background bhan been subtracted from all velusc,

iegtter « ar ¥ after the initisls desigmating the woods identifies regvectivaly the
"g - Ed

with-zrainm spd oross-grsin ssmples,
Decey prevents sgretesnt of these values with those in Todlas 1,
Magk decrgesed the ares by 22.4 per cent,
Correctics factor » Colwm 1/Columm 2.
De ¥, = DImeontamiuation Zactor » recipracal of per cent sontemination .
renanining.
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AFTER CONTAMINATION
! BB ENPOSURE

taoh)

AFTER FIRST DECONTAMINATION
28 HR EXFOSIRE

- o
P LR Oty
72

OND DECONTAMINATION
MR EXPOSURE

Gmaples;

Flg. 2  Badioautoprapha of Represeatctive Fino
Right Column, With-3rain Sample 622-21 and Loft Column
Cross-iraln Saaple A22-04
11
UNGCLABSIFIED




o
%%
jo
[ X
§ o
jn
o
1
=
[y
L]
o

peloatizs Sl ik

AFTER CONTAMINATIO
14 HR EXPOSURE
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AFTER FIRST DECONTAMINATION
29 HR EXPOSURE

AFTER SECOND DECONTAMINATION
72 HR EXPOSURE

Fige 3  Radioautographs of Representative Uak Seunples:
hd Column, With-CGrain Samnla 28 and Left Column, Cross-
Grain Smople 30
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Fige 4 Radiosuto,iwpns of Reprusentative Teak Semples;
Right Column, Witheirnin Jample %4 and Left Column, Uross-
srain oample 38
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surface of Somple 622-21 was not complately decontaminated; Fig; 3
shcws the coptominant deposited in a large crack in Sample 622.28;
also Pig. 3 shows contemination in the glued joints of Sample &2-
30. With fev exceptions, the differences in cowting rate could
be expla’i:ad by carefully exumining the roadicautographs.

A lack of sgharpress is evident in some of tha :radiwutomp}zs.
This was due to lack of intimete cootact between the sample e.nd
the X-ray £ilm and to scattering caused by local cn'er-ux,poﬂurei-
The lack of intimate film-semple coitact was caused primarily hy

the wood warping, particuiarly the cross grain semples.

3.3 Surface Rencval Naaguremnnts

The surface removal data in Table & very fairly consistently
with the decontemination fectors. In several instances accure.t"é
measwrements vare not cbtainable becsuse the wood blocks had
warped. As would be expected, the greatast removal was frcm s
the pine (0.090 in. in cne pass) with fir and tesk about 50 p(lrf
ceant lower, and cak siightly lower *hen these. There wvas an
average incrs 8 of L2 per cent surface removal ra: the first
to the second decontamination. This effect has besen noticed defore
and may be attributed to the reduction in moisture conteat of the
surface wood, vhich makes charring more efficient during the |

socsnl poss.

3.4 Weight Loss Messuresants

The weight loss data, like the surface removel data were guite
consistent with the counting dstn (Table k). Although thers are
16
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soee Individunl veriances, the generel trend indicates that the reduction
ia contamiration level was large vhere there wad & largs loss v weight,

The hygroscopic mature o driad or charred wood affected the accurscy

of the weight measwrements. If ths samples vere ;:;mt veighed ﬂ.nmdm.fmly
a%eer dpcontamimation or Arying, the weight would increase vith time.

s 23 and octher diffisultien encovnteved in acourats

INcauss of thass and other 1y
weighing feirly large samples, it was concluded thet weight loss
was not an accurate measvremont of the sxcunt of misTial removed
fron wood surfaces during decontamiretion. Thiﬁ criticism would
probedly apply to other porous materisls vhich tend to regulate

their moisture contents according to that of the ambient air.

3.5 Deconiaminstion

This series of experiments disclosed theat flsme decontsmination
is & feasiblo method of decontaminating various types of bare wood.
In grneral, it my bes stated that the amount of effort (number of
Passes) necessery to remove all of the contamination from a given
typs of wool will be & function of the Gepth of ponetration of the
contaminant, If it {s known, for example, that the meximum cone
tenipant pemstmation into & teak deck 1s 1/16 in., and that the
sversge amourt of gurface romoved per pess with the Mlemimstor 13
1/50 in., then two, possitly three, pesses will be required to remove
all of the coctumimntion. On the other hand, if thn conteminant has
penstrated only 1/6% in., one pmss will be guiricient.

As would be expected, the vhite pine wes the most difficult of the
voods to decontaminate, probably because the contaminant penetrated to
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& greater dez'h. For the withegrain pine, three pesses, removing a

total of over 9.150 in., was reguired to refuce the contemiomuiorn
level to lese than 1 per cent remmining (excluding 622-21 Pv). Even
though the surfece removal was ebout the same wiil: the cross-grain
pine, three pesses removed all but 4 per csnt of the remaining con-

tanipation. With a few exceptions, in decontaminatiig the other woods,

ouly two psss2s ard about 0.035 in. surface removel were raguired
2o reduce the contaninetion level to lees than 1 per cent remaining.
The exceptions were those esmples which had dsep cracks or open Joints

that still retained scae Geaply penetrated contaminwtion. While it

would have required considsretie additiiosi wffort to resive all the
contaninntion from these cracks and Jcints, their contributicm to a

large gaoma field would be very umall, and pr ably could be safely
ignorvd in most cases.

One of the criginal ohjectives of this experiment wvas to detemmine
ths relative decontamination effectiveness of wire bruashing with the

Flaminator either with-grain or crosas-grairn. The vericus data indicate
toat the results vary with the type of wood, For exsmple, pine wvas nore

effeciively decontamirated by withegrairn; hawever, more surface and waight

Vus resoved cross-grein; osk vag more esasily decontaminated erofs-grein;

teak, cross-~grain; and f£ir, with-grain. The action of the wirc brusk -a

fir, with-grain,and to some extent on pine, with-grain, v=as wnigqwe in

that there was & great deal of underowting of the soft grains in the
wood (see Pig. 6). The wercuttirg wes not spparent on the teak

ssaplss and only slightly evident on the oek cnes. This grooving is
an advantagze in decontasination, siice the contaninant r:obably pene«

trates the aofter greins to & greater depth than the hard greins,
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Fig. 6 Undercuttir sction of tn: w«ire brush on & fir sample.

3.6 TFiaminztor Charscteristics

In this serive of tests the flume treatment ves done neparately
from the surface iemcrral operaticm. Although the laboratory modael
Flaaimator can 4o botbh these operations at once, they wore dons
separately for better contral aml ovservaticn in thees tesis,

As with the earlier tests”, the vacuum cleaner picked up the meterial
removed by the wire brush, and collected the hot burner gases and
f41ltexred them through & Chemical Corps filter, While it was desirable
to edllect the gases becsuse of the possibility of e slighi airborre
tagard, thic use of 3 comnventicnal vacwim cleansr with & sevdust-
£1lled cloth bag constituted s fire hszard. However, no fires

were started in the vacuum clemner during these tests.

» See Foo%tnole on Papgs 1,
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£riculty In cporating the

The wire brush w3 apother scurce of 4ifficuliy In
Flaminetor, The arrengasent during the tests was to maintein 2 losd
(spprox. 25 1b.) on the brush by sdjusting the height of the rear
wheel. This worked very well on perfectly flat samples, but ‘tne
vwarped =myples caused the brush tc "cut" vuevenly, i.e.. to dic into
the high arees and entirely miss the lov nre‘:aa.' On these
wvarped samples it was naceaeary # .o the Flaminktor operator to
asnually control the "cutting" actior of the wire brush (via the
brush losd) and nake sevaral passes over tho sampls to remove all of
tta charred surface material.

The ¥lsminetor, in genersl, worked vell, The choice of an
oxy-propane flame wes edvantageous, since it provided an easily
lighted, high temperature flame which could be used safely without
back Ziring even with nozzle temperetwres far alove the safe limit
{or ovy-acetylene burnersz. This high ncrzle temperuture psrily
resulted from enclosing the flams within & hood, so that all tke

burper gases vinich were slightly zontemineted could be collected.

%, Comelusions
soft voodz 1likm pine obsorbad more iomic coztaiination than
hardsr c¢r more dense woods, and the contamimation penatrated more
deeply.
Cortaminattion edhering to the edyes of thick samples emittod
gfficiont radiation Lo give erconecus decontaminstion regults,
msii % edge contamimation was properly raielded from the counter

probe.
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Redicautegrapning each step of the contamination ani decontami-
pation procszz alded greatiy in evaluating the experimental reaults,
This tachnique disclosed such irregularities as edge contemination,
and crack and Joint contamination which were not removes dwring
normal decontamiration.

Accurste nessurerents of the amount of materisl remcved from
the decontemineted wood waz difficult. Surfmce removal measuremsants
{reduction Iin thickness) vere compliccted hy the irreguler coubed
suface of wire brushed samples, Waight changes vers not tc;o.
relisble becsuse of the inherent nature of wood to adjust its
Boisture content according to that of the ambient air.

Ease 0f decontaminating bere woed was & function of the depth
of penetration of the coptaminent  Of the woods tcsted, pine was
the most difficult to decontenminate,

Flame cleaning, with & wire brush,surfecs -ivemoval tool
removed approximately 0.050 in. per pass from pine and 0.025 4n.

™ pees from cak, tenk end fir under the conditions of this test.

Approved by:
Py
f . ‘?Q v “I‘,.ﬂi’\,‘ L“M«l}
EH. TOMPKTUS
Heoad Chemicnl Technol~:y Divieion

For the Soioatif.e Divetor
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